We have systematically calculated the pseudoscalar Goldstone boson and charmed baryon scattering lengths to the third order with heavy baryon chiral perturbation theory. The scattering lengths can reveal the interaction of KΛ c , KΣ c , πΩ c etc. For each channel, we take into account of the interaction between the external particle and every possible charmed baryon in the triplet, sextet, and excited sextet. We use dimensional regularization and modified minimal subtraction to get rid of the divergences in the loop-diagram corrections. We notice that the convergence of chiral expansion for most of the channels becomes better after we let the low energy constants absorb the analytic contributions of the loop-diagram corrections and keep the nonanalytic terms only.
Introduction
There has been a growing interest in the properties of charmed hadrons after Belle, BABAR, CDF and other collaborations observed a series of interesting new states [1, 2, 3] . Much attention is paid to the recently observed charmed hadrons [4, 5, 6, 7, 8, 9, 10] . One may also wonder whether there exist some undiscovered new states. Certainly, the interaction of charmed hadrons is important to understand the underlying structure of these states.
The light pseudoscalar meson and charmed baryon scattering can reflect the interaction between them. We will use the heavy baryon chiral perturbation theory (HBχPT) to study the scattering lengths between the light pseudoscalar meson and charmed baryon in the triplet, sextet, and excited sextet to the third order. The scattering lengths are expanded as a power series in with explicit power counting, where is the small momentum of the light pseudoscalar mesons or the residual momentum of the charmed baryons. The mass difference between charmed baryons is also counted as O( 1 ). The scattering length a φB is related to the T -matrix T φB at the threshold by T φB = 4π(1 + m φ /m B )a φB . On the one hand, the positive scattering length indicates that there exists attractive interaction in these channels, which might lead to the loosely bound molecular states. On the other hand, one can extract the scattering length with the observed molecular states to test the theory or determine the unknown low-energy constants [11, 12] . This paper is organized as follows: in Sec. 2, we list the HBχPT Lagrangians of the pseudoscalar mesons and charmed baryons. In Sec. 3, we show the expressions of the scattering lengths. In Sec. 4, we discuss the numerical results.
Lagrangians
The leading scattering length is at O( 1 ), and receives the tree-level contributions from Weinberg-Tomozawa terms of the leading Lagrangian only. The scattering length at O( 2 ) receives the tree-level contributions from the Lagrangian at O( 2 ). In addition to the tree-level contributions by the Lagrangian at O( 3 ), the scattering length at O(
3 ) also receives the one-loop corrections from the leading Lagrangians.
The leading HBχPT Lagrangians read
where v µ = (1, 0) is the velocity of a slowly moving charmed baryon, S µ is the spin matrix, and δ i is the mass difference between charmed baryons
B¯3, B 6 , and B * 6 represent the charmed triplet, sextet, and excited sextet, respectively. The notations about the light pseudoscalar φ mesons are
b B ad , which generates the Weinberg-Tomozawa BBφφ vertices. The terms proportional to g i in L (1) Bφ generate the axial coupling BBφ vertices. The Lagrangians at O( 2 ) and O( 3 ) contain the counter terms and recoil terms. The counter terms are constructed based on the chiral symmetry, Lorentz invariance, C and P invariance, and so on, while the recoil terms are derived by the leading relativistic Lagrangians. They generate the BBφφ-like vertices. The concrete form of the Lagrangians can be found in Ref. [13] .
Scattering Lengths
We can get the scattering length to O( 3 ) by calculating the corresponding tree diagrams and loop diagrams in Fig.  1 . The diagrams in Fig. 1(a) are made up of the Weinberg-Tomozawa vertices, while the diagrams in Fig. 1(b) are made up of two axial coupling vertices. We use the dimensional regularization and modified minimal subtraction to deal with the divergence generated by loop diagrams. All the divergence will be canceled after the redefinition of the low energy constants at O( 3 ) and renormalization of the wavefunction [13] . With the strict isospin symmetry, there are eleven independent channels for φB¯3 scattering, and nineteen independent channels for either φB 6 or φB * 6 scattering. We can express the scattering length order by order. For example, the scattering length a (2) πΣ c in the πΣ c channel with the isospin 2 is where M 0 is the mean mass of charmed triplet baryons, and c i is the LEC at O( 2 ). The scalar functions V and W 2 come from the loop correction, and their definitions can be found in Ref. [13] .
To get the final numerical results, we should determine the LECs of Lagrangians. One obtains |g 2 | = 0.60 and |g 4 | = 1.0 by fitting the decay widths of Σ c and Σ * c [14] . Due to lack of the experimental data, we cannot fit all the LECs. One can get |g 1 | = √ 8/3|g 2 | with the quark model symmetry, and |g 3 | = √ 3/2|g 1 |, |g 5 | = 3/2|g 1 |, |g 6 | = 0 with heavy quark spin symmetry. We use the SU(4) flavor approximation to roughly determine the LECs at O( 2 ),
where we take the dimensionless constant α to be in the range of [-1,1] as in Ref. [15] . As for the LECs at O( 3 ), we use two different kinds of approximations. We first assume that the LECs at O( 3 ) are zero (Approximation I). We also let the LECs absorb the analytical corrections from loop diagrams totally (Approximation II). The analytical corrections are the polynomials of the momentum or mass of the charmed baryons and light pseudoscalar mesons. In summary, we have calculated the pseudoscalar meson and charmed baryon scattering lengths to O( 3 ) with HBχPT. There exists attractive interaction in some channels, which might lead to the formation of some loosely bound molecules. We notice that the convergence becomes better in most of the channels with the non-analytic approximation. The effect of the mass difference between charmed baryons is not large. Hopefully our results will be useful for the chiral extrapolation of lattice QCD simulation of the pion heavy baryon strong interaction.
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